ABSTRACT Concanavalin A (Con A)treated peripheral blood lymphocytes from healthy volunteer donors have been shown to suppress proliferative responses associated with thymusderived lymphocytes (T-cells). The present investigations demonstrate that peripheral blood lymphocytes incubated with Con A for 48 hr can abrogate pokeweed mitogen-stimulated differentiation of bone-marrow-derived (B) lymphocytes to immunoglobulin-synthesizing and -secreting plasma cells. This effect was manifested when washed Con A-treated peripheral blood lymphocytes were added to pokeweed mitogen-stimulated cocultures containing fresh autologous or allogeneic mononuclear cells, and it did not appear to involve cytotoxicity. Parallel control cultures consisting of mononuclear leukocytes incubated for 48 hr in the absence of Con A also had immunoglobulin suppressor activity in mixing experiments. This effect, however, was most pronounced when preincubated cells were added to fresh autologous pokeweed mitogen-stimulated peripheral blood lymphocytes. Cell mixtures containing peripheral blood lymphocytes incubated in the absence of Con A plus fresh allogeneic lymphocytes demonstrated a spectrum of immunoregulatory effects ranging from suppression to enhancement of pokeweed mitogen-stimulated immunoglobulin synthesis and secretion. Several functional subclasses of suppressor cells that reflect varying levels of specific activity have thus been demonstrated in human beings. Moreover, a degree of genetic identity appears to be required for the expression of "weak" immunoregulatory influences.
however, was most pronounced when preincubated cells were added to fresh autologous pokeweed mitogen-stimulated peripheral blood lymphocytes. Cell mixtures containing peripheral blood lymphocytes incubated in the absence of Con A plus fresh allogeneic lymphocytes demonstrated a spectrum of immunoregulatory effects ranging from suppression to enhancement of pokeweed mitogen-stimulated immunoglobulin synthesis and secretion. Several functional subclasses of suppressor cells that reflect varying levels of specific activity have thus been demonstrated in human beings. Moreover, a degree of genetic identity appears to be required for the expression of "weak" immunoregulatory influences. Although immunologically active suppressor cells have been associated with several disease states in human beings (1) (2) (3) (4) (5) , we have recently demonstrated that suppressor cell activity can also be induced in lymphocytes from healthy donors (6) . This activity involved inhibition of functions associated with thymus-derived lymphocytes (T-cells), namely, blast transformation responses to mitogens, allogeneic stimulation, and certain antigens. Other investigators have noted differential effects regarding suppressor cell activity. Stobo et al. (4) reported that patients with fungal infections and associated defects in T cell functions harbored mononuclear cells in their peripheral blood that could depress proliferative responses to mitogens and antigens. These cells showed no activity against pokeweed mitogen (PWM) induction of immunoglobulin (Ig) synthesis by allogeneic normal lymphocytes. Lectin-activated suppressor cells from healthy donors, however, inhibited cellmediated lysis, but did not affect responses to allogeneic stimuli (7) . Studies that demonstrated suppression of Ig synthesis using lymphocytes from hypogammaglobulinemic patients with primary immunodeficiencies failed to exhibit any significant concomitant effect on proliferative responses (31) .
We have extended our prior finding (6) that concanavalin A (Con A) can induce activity of peripheral blood lymphocytes (PBL) that suppresses both allogeneic and autologous T-cellassociated proliferative responses, and have found that these induced immunoregulatory cells are also effective in suppressing activities of bone-marrow-derived (B) lymphocytes. (10) . To summarize, monospecific antisera to human F(Ab')2 fragments and keyhole limpet hemocyanin (KLH, Schwarz/Mann, Orangeburg, NY) were prepared in rabbits.
The respective antisera were titrated to determine the volume required to precipitate 50 ,ug of antigen using either human immune serum globulin, Cohn Fraction II (E.R. Squibb and Sons, New Brunswick, NJ), or KLH. Radiolabeled materials capable of nonspecific incorporation into the serologic precipitate lattice were removed from the dialysates of the lysate and culture medium by a preliminary or "cleaning" serologic reaction consisting of sufficient antiserum to precipitate 50 ,ug of added KLH. The resulting precipitate was discarded and the supernatant was divided into two equal aliquots. To one aliquot, 100 ,xd of rabbit antiserum against human F(Ab')2 was added, followed by 50 ,ug of human immune serum globulin at immunologic equivalence. A serologic control for nonspecific trapping of radiolabel consisted of rabbit antiserum against KLH and carrier KLH, yielding a precipitate similar to the specific reaction. The precipitates were dissolved in 0.5 ml of 0.2 M KOH, mixed with 10 nl of scintillation fluid (Aquasol, Packard Instrument Co., Inc., Downer's Grove, IL), and the radioactivity was measured in a liquid scintillation counter. The radioactivity of Ig was determined by subtracting the nonspecific from the specific serologic counts. consistent finding, as noted in Table 1 and further exemplified in Fig. 1 , when cells from another donor (Subject B) were cultured for up to 96 hr. Suppression of Ig Synthesis and Secretion by Con ATreated Autologous Cells. To determine if the decreased capacity to synthesize and secrete Ig after culture or treatment with Con A was due to an inherent loss of function or was the result of an active immunologic suppressor mechanism, Con A-treated cells were added to freshly obtained autologous PBL in mixing experiments. As shown by the data in Table 2 , preculture of cells with or without Con A results in decreased intracellular Ig, a measure of de novo biosynthesis by differentiated plasma cells. When equal numbers of these precultured cells were mixed with fresh autologous lymphocytes, total Ig synthesis was significantly suppressed. The greatest degree of suppression was observed when cocultures contained Con Atreated cells. Since control cultures and cocultures consisted of equal numbers of cells, the possibility of suppression due to crowding effects was excluded.
The appearance of radiolabeled Ig in culture supernatants reflects active transmembrane secretion of newly synthesized protein. Thus, inhibition of synthesis of Ig is paralleled by decreased levels appearing in culture supernatants (Table 3) , reflecting a decreased number of plasma cells that secrete Ig.
Effect of Precultured and Con A-Treated Allogeneic Cells on Ig Synthesis and Secretion. Since the Ig suppressor effect described above was manifested when autologous cells were either precultured or treated with Con A, similar coculture experiments containing allogeneic mixtures were undertaken to determine if the major histocompatibility complex played any role in the expression of Ig suppressor activity. Extensive (Table 4) . However, when cells were preincubated in the presence of Con A and added to allogeneic cocultures as above, suppression of PWM-stimulated plasma cell differentiation was regularly observed (Table 4) . Furthermore, Con A-induced suppression was evident even in the same cell mixtures, which revealed stimulation in the absence of pretreatment with Con A. Concomitant with our observations in the autologous system, the data presented in Table 5 reveal that secretion of Ig into the culture medium parallels the immunoregulatory effects manifested at the level of intracellular biosynthesis of Ig.
In all cases described where suppressor activity was evident, cell viability, as determined by trypan blue exclusion, failed to demonstrate significant differences between control or cocultures. This finding reduces the likelihood that suppressor effects are a consequence of cytotoxicity.
DISCUSSION
Immunoregulatory activities may be operating at various levels of specificity under natural or pathologic conditions. Waldmann et al. (1) have shown that suppressor T-cells from immunodeficient patients are capable of inhibiting PWM-stimulated differentiation of B lymphocytes to produce all classes of Ig. Studies from our laboratories have also demonstrated major shifts in total Ig synthesis, including profound enhancement, in coculture experiments with PBL from normal donors and patients with hypogammaglobulinemia (31) . By contrast, however, other investigators have demonstrated highly restricted suppressor activity, including suppression of specific Ig allotypes (11, 12) , idiotypes (13, 14) , class (15) , and antibodies (16) (17) (18) (19) .
In our initial analysis of Con A-induced human suppressor cell activity (6), we observed that preculture of cells in the absence of Con A served as an adequate control; that is, no inhibition of mitogen transformation was noted when these control cells were added to fresh lymphocytes in cocultures. Such observations are consistent with the earlier studies of Peavy and Pierce (20) on Con A induction of suppressor cells in mice. In these experiments, syngeneic cells cultured for 48 hr in the absence of Con A failed to generate suppressor activity against cell-mediated lysis. However, when we assayed similar precultured cells for their ability to synthesize and secrete Ig, notable decreases, by comparison with fresh autologous cells, were frequently observed. PBL from several donors did not show a decrease in Ig synthesis and secretion after preculture (Table  1) , and as noted in Fig. 1 , lymphocytes from subject B remained fully active even after 96 hr of preculture. Such phenomena do not preclude the existence of cells with latent suppressor potential, since Con A treatment appears regularly to induce Ig suppressor activity in all individuals tested, including those who did not manifest allogeneic suppressor activity after preculture without added mitogen. The failure to develop expression of "endogenous" in contrast to "induced" allogeneic suppressor activity may merely reflect an immunologic control requiring Same as in legend for Table 2 .
diminished suppressor activity at that time but subject to dynamic shifts dependent upon a multitude of environmental factors (6 The autologous suppressor activity that developed after preculture of lymphocytes without Con A was more consistent than the immunoregulatory effects manifested when precultured cells were added to fresh allogeneic PBL, suggesting that some genetic matching is prerequisite for expression of "weak" immunoregulatory activity in human beings. In support of this hypothesis, Taniguchi and coworkers (23) have shown that suppression of a secondary antibody response by mouse spleen cells requires genetic identity of the K, I-A, and I-B subregions of the H-2 complex between interacting strains.
Con A pretreatment of PBL, however, regularly induces a potent suppressor activity that can be expressed in either autologous or allogeneic cultures. Moreover, the activity is not restricted to inhibition of B-cell differentiation only, but is also effective against T-cell proliferative responses to mitogens, antigens, and allogeneic stimuli. Unlike the suppressor activity generated by preculture of cells without mitogen, Con A-induced suppressor activity does not appear to involve any genetic restriction, since the effects are readily demonstrable in allogeneic cultures.
Evidence is accumulating that suggests a heterogeneity of suppressor activities ranging from very restricted to rather broad effects. Idiotype suppression may represent one end of the spectrum, whereas Con A-induced suppression of proliferative responses and B-lymphocyte differentiation may represent the opposite extremes. With regard to these latter effects, very little or no cross-matching at the major histocompatibility complex is required for their expression. We have already demonstrated that naturally occurring suppressor cell activity, which can inhibit Ig synthesis but not proliferative responses by allogeneic donor PBL, is present in the mononuclear leukocyte fraction of peripheral blood from certain hypogammaglobulinemic patients with primary immunodeficiencies (31) . This activity compares with the suppressor effect generated by preculture of normal lymphocytes, but contrasts with the wide-ranging activities of Con A-induced suppressor cells, which appear to have the capacity to inhibit both T-and B-lymphocyte-associated activities. Thus, several different functional subclasses of suppressor cells probably exist. It is hoped that the different immunoregulatory activities demonstrated by these studies may provide a cellular basis for understanding the heterogeneity of immunodeficiency diseases (24) , and thus aid in their ultimate analysis and correction. We anxiously await the development of rigorous serologic markers for human lymphocytes, as has been so notably achieved by Old and Boyse (25) in the mouse, to further clarify the complex cellular interactions required for normal immunologic function (26) (27) (28) (29) (30) .
